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The  effect  of  splenectomy  (SP1.X)  and  total-body  irradiation  (TB1)  (50—200  rad)  on 
virgin  and  pregnant  mouse  hemopoiesis  was  studied,  using  peripheral  blood  he¬ 
mogram  values  and  femoral  marrow  hemopoietic  progenitor  cell  activity  (i.e., 
CFUf:,  BFUk,  and  GM-CFC).  The  SPLX-maternal  red  cell  counts  and  hematocrit 
values  were  lower  than  those  of  SPLX-virgin  mice,  reflecting  the  anemia  of  preg¬ 
nancy.  Uut  the  white  cell  counts  of  both  SPLX-virgin  and  SPLX-day-14.5  pregnant 
mice  were  significantly  higher  (/*  <  0.005)  than  normal- virgin  mice.  Both  nonir- 
radiated  and  day-4  irradiated  SPLX-maternal  marrow  Bp-independent  and  Bp-de- 
pendent  CFU*;  were  higher  than  the  nonirradiated  and  day-4  irradiated  SPLX-virgin 
values  (respectively,  for  each  TUI  dose  studied).  On  the  other  hand,  nonirradiated 
and  day-4  irradiated  SPLX-maternal  CiM-CPC  were  lower  than  the  nonirradiated 
and  day-4  irradiated  SPLX-virgin  GM-CFC  values.  The  data  demonstrate  the  po¬ 
tential  of  the  SPLX-maternal  femoral  marrow  to  respond  to  the  stress  of  low-dose 
TBI  with  effective  compensatory  erythropoiesis,  possibly  at  the  expense  of  gran¬ 
ulopoiesis. 

Key  words:  splenectomy  -  irradiation  -  hemopoiesis 


The  spleen  serves  as  the  secondary  lo¬ 
cus  for  fetal  hemopoiesis  during  the  later 
phase  of  the  hepatic  stage  of  hemato¬ 
poietic  ontogeny.  The  bone  marrow 

Research  was  conducted  according  to  the  prin¬ 
ciples  enunciated  in  the  "Guide  to  the  Care  and 
Use  of  Laboratory  Animals."  prepared  by  the 
Institute  of  Laboratory  Animal  Resources.  Na¬ 
tional  Research  Council. 
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lakes  on  the  role  of  the  primary  site  of 
blood  cell  formation  during  the  myeloid 
stage,  which  continues  throughout  post¬ 
natal  and  miuit  life  of  ail  mammals.  Un¬ 
like  the  spleen  of  humans  or  large  ani¬ 
mals.  the  mouse  spleen  continues  to  be 
hcmopoieticully  active,  and  it  is  an  im¬ 
portant  source  of  compensatory  and 
auxiliary  hemopoiesis  duting  any  dis¬ 
turbance  of  the  normal  physiologic 
condition  (i.e..  total-body  irradiation, 
hypoxia,  bleeding,  chemotherapy,  preg¬ 
nancy.  etc,). 

Studies  from  our  laboratory  (t).  as 
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well  as  others  (2-7),  have  shown  that 
the  changes  in  homeostatic  and  immu¬ 
nologic  regulation  in  the  pregnant 
mouse  include  splenomegaly,  anemia, 
leukopenia,  and  a  shift  in  erythropoiesis 
from  the  marrow  to  the  spleen.  Simi¬ 
larly,  the  consequences  of  splenectomy 
on  murine  medullary  and  extramedul¬ 
lary  hemopoiesis  have  been  demonstrat¬ 
ed,  especially  regarding  the  humoral  and 
cellular  responses  to  various  stimuli  (8- 
1 1).  During  days  1 1  to  14  of  mouse  preg¬ 
nancy,  splenic  erythropoietic  activity 
reaches  peak  compensatory  activity 
while  marrow  erythropoiesis  signifi¬ 
cantly  declines  (2,3,7).  The  present 
studies  were  designed  to  evaluate  the 
compensatory  potential  of  murine  bone 
marrow  in  the  day- 10.5  to  day- 14.5  sple- 
nectomized-pregnant  animal  to  support 
hemopoeisis  after  exposure  to  cobalt-60 
radiation.  The  peripheral  blood  hemo¬ 
gram  and  marrow  erythroid-  and  gran¬ 
ulocytic-progenitor  cells  were  moni¬ 
tored  and  served  as  indicators  of 
hemopoietic  perturbations  after  total- 
body.  low-dose  irradiation  (i.e.,  50  to 
200  rad). 

MATERIALS  AND  METHODS 

Experiments  were  designed  to  study  the  ability 
of  bone  marrow  to  support  hemopoiesis  in  sple- 
nectomizcd- virgin  and  spleneclomiz.cd-mntenml 
mice  following  exposure  to  low-dose  gamma  ra* 
illation.  Eleven  groups  of  mice  were  established 
using  Ihe  following  protocol:  Young  adult  virgin 
female  mice  (6-7  weeks  old)  were  spteneclo- 
miz.ed  tSPt.X)  at  the  same  time:  ft  to  8  weeks 
later  a  group  of  mice  were  mated;  on  day  10.5 
of  pregnancy  a  group  of  mice  received  a  bilateral 
total-body  irradiation  (1111)  exposure  of  0,  50. 
100,  ISO,  or  200  rud  from  the  AEKRI  eobnll-60 
gamma  radiation  source  ul  a  rate  of  40  rad/mi- 
tune.  Both  SIM.X-virgin  and  SE1.X -pregnant 
mice  were  sacrificed  for  study  at  4  days  idler 
irradiation  (i.e..  day  14.5  of  pregnancy),  'flic  pe¬ 
ripheral  blood  hemogram  and  hone  marrow  he¬ 
mopoietic  progenitor  cell  activity  of  all  mice  were 
assessed  as  follows:  normal-virgin.  SIM.X-virgin, 


irradiated-SPLX-virgin,  SPLX-day-14.5  preg¬ 
nant,  and  irradiated-SPLX-day-14.5  pregnant 
mice. 

Animals.  C57BL/6J  female  mice  (Jackson  Labs, 
Bar  Harbor,  Maine),  free  of  lesions  of  murine 
pneumonia  complex  and  of  oropharyngeal  Pseu¬ 
domonas  spp.,  were  maintained  on  a  diet  of 
Wayne  Lab-Blox  food  pellets  and  acidified  water 
(pH  2.5)  made  available  ad  libitum.  Mice  were 
housed  in  small  cages  (5  mice/cage)  in  a  room 
with  a  12-h  light-dark  cycle.  Splenectomy  was 
performed  under  light  anesthesia  and  aseptic 
conditions.  Blood  was  obtained  for  hematocrit 
(Hct),  red  blood  cell  (RBC)  count,  and  white 
blood  cell  (WBC)  count  from  the  retroorbital 
sinus  plexus  of  lightly  anesthesized  mice,  before 
being  sacrificed  by  cervical  dislocation.  For  each 
of  the  1 1  groups  studied,  both  femurs  were  re¬ 
moved  from  three  mice,  and  the  flushed-out  mar¬ 
row  was  pooled  in  chilled  Supplemented  Alpha 
Modification  of  Eagle's  Medium  (SAM)  ( I)  with 
2 %  fetal  bovine  serum  (heut-inactivated  at  56°C 
for  30  min). 

In  vitro  assays.  The  bone  marrow  cell  suspen¬ 
sions  were  plated  in  mieroplasma  clot  cuilures 
( I)  to  assess  erythroid  progenitor  cell  activity  and 
in  double-layer  soft  agar  cultures  (12)  to  study 
grauulocyle-macrophage  progenitor  cell  activity. 

One-mi  plasma  clot  cultures  consisted  of  the 
following  ingredients  maintained  on  ice:  0. 1  ml 
cell  suspension  (S0.1KK)  nucleated  cells).  0.3  ml 
fetal  bovine  serum  (heat-inactivated),  0. 1  ml  beef 
embryo  extract,  0.1  ml  109?  bovine  serum  al¬ 
bumin.  0.1  ml  1. -asparagine  (final  concentration 
0.02  mg/ml).  0,1  ml  10  1  M-2-mereaptoetlumol. 
and  0,1  ml  erythropoietin  (Ep)  (anemia  sheep 
plasma,  slep  Ul.  Connaught  laths.  Swiftwater. 
Pennsylvania,  lot  no.  302.3.3, 6.7  U/mg  protein). 
Immediately  before  plating.  0.1  ml  bovine  ci¬ 
liated  plasma,  maintained  at  37*C.  was  added  to 
the  above  mixture.  For  each  prepared  cell  sus¬ 
pension.  six  0,1  -ml  microtiler  well  cultures  were 
plated  and  incubated  at  37®C  with  humidified  f'V 
COj  in  air.  Colonies  of  eight  or  more  benzidine- 
stained  positive  cells  were  countcu  as  erythroid- 
colony-forming  units  (CFU,  )  from  clots  with  0.25 
U  Ep/ml  and  harvested  at  4K  It  of  culture  (13). 
Several  clusters  of  benzidine-stained  positive 
cells  were  counted  as  the  younger  erythroid* 
burst-forming  unit  (BIT!,)  from  clots  with  3.0  U 
Ep/ml  and  harvested  at  9  days  of  culture. 

The  double-layer  soft  agar  culture  procedure 
described  by  MaeVittie  (12)  was  used  to  study 
the  grauulocylc-macroptuige  colony-forming  ceil 
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TABLE  1 

Peripheral  blood  hemogram  of  virgin  female,  splenectomiied  (SPLX)-virgin  female,  and  spleneclomized-day- 

14.5  pregnant  C57BLI6J  mice “ 


Virgin 

SPLX-virgin 

SPLX-pregnant 

Red  blood  cells  (x  l0“/mm3) 

8.56  ±  0.06 

8.39  ±  0.17 

7.28  ±  0.20b 

Hematocrit  (%) 

47.0  ±  0.0 

47.3  ±  0.5 

40.8  ±  0.8b 

White  blood  cells  (x  KP/mm3) 

4.38  +  0.68 

9.61  ±  0.7lb 

8.74  ±  1.05b 

“  Values  expressed  as  mean  ±  SEM. 

b  Values  significantly  different  (P  <  0.005)  from  normal-virgin  female  mice. 


(GM-CFC).  Pregnant  mouse  uteri  extract(PMUE) 
(2.5%  v/v)  served  as  the  source  of  colony-stim¬ 
ulating  factor.  Cultures  of  5  x  I04  bone  marrow 
cells  plated  per  ml  were  incubated  at  37°C  with 
humidified  5%  CO,  in  air.  Colonies  (>50  cells) 
were  counted  after  10  days  of  incubation  and 
were  considered  to  be  derived  from  GM-CFC. 

Statistical  analyses.  The  data  reported  from  four 
replicate  experiments  are  indicated  as  the  mean 
values  with  standard  errors  for  each  group.  The 
two-tailed  Student's  t  test  was  used  to  determine 
the  statistical  significance  of  group  values. 

RESULTS 

Peripheral  blood  hemogram.  SPLX-vir- 
gin  mice.  8-10  weeks  after  surgery. 
RBC  ami  Hct  values  were  about  the 
same  as  the  normal-virgin  mice  counts 
(Table  I).  However,  values  of  day- 14.5- 


pregnant  mice  splenectomized  at  the 
same  time  were  significantly  lower 
( P  <  0.005),  reflecting  the  anemia  of  the 
pregnant  mice  (Table  1).  The  WBC  val¬ 
ues  of  both  SPLX-virgin  and  SPLX- 
pregnant  mice  were  significantly  higher 
(P  <  0.005)  than  normal-virgin  mice 
(Table  1).  Four  days  after  TBI  there 
were  no  differences  in  RBC  or  Hct 
counts  between  the  nonirradiated-  and 
irradiated-SPLX-virgin  animals,  or  be¬ 
tween  nonirradiated-  and  irradiated- 
SPLX-pregnant  mice.  Each  of  the 
SPLX-pregnant  mice  RBC  and  Hct 
counts  was  lower  than  those  of  the 
SPLX-virgin  animals  (Fig  I  and  2).  With 
each  dose  of  TBI .  both  SPLX-virgin  and 


SW.X  CS7BL/6 


Figure  I ,  Mean  *  SEM  values  for  peripheral 
blood  red  cell  counts  of  spleneetonri/ed-virgin 
( «•)  and  splcneciomi/eddavl4.5prognani  ( 
t‘57IIU(d  mice.  4  days  after  total 'body  trrudia- 
lion. 


Figure  2.  Mean  *  SEM  values  for  peripheral 
blood  hetnmocrit  values  of  splencotomi/cd-vir* 
gin  t  ¥  I  and  splenectomi/ed  day-14. 5-pregnant 
( f )  1'57IUJ6J  mice.  4  days  alter  total-body  ir¬ 
radiation. 


,-W.  i  -iiw  •  ■■' ^ii- 
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Figure  3.  Mean  ±  SEM  values  for  peripheral 
blood  white  cell  counts  of  splcnectomized-virgin 
(9)  and  splenectomized-day- 14.. 3. pregnant  | $J) 
C57BL/6J  mice.  4  days  after  total-body  irradia¬ 
tion. 


SPLX-pregnant  WBC  counts  4  days  af¬ 
ter  exposure  were  significantly  lower 
(/»  <  0.005)  than  the  nonirradiated- 
SPLX-micc  (Fig  4). 


SPLX  C57BL/6 


TOTAL  BODY  IRRADIATION  (rad  ) 
Figure  4.  Mean  ±  SEM  values  for  femur  mar¬ 
row  cellularity  of  splenectomized-virgin  (9)  and 
splenectomized-day- 14.5-pregnant  ($)  C57BL/ 
6J  mice,  4  days  after  total-body  irradiation. 

compared  to  the  normal-virgin  marrow 
(Table  2).  The  data  in  Fig  4  retlect  slight 
changes  in  day-4  bone  marrow  cellu¬ 
larity  of  the  irradiatcd-SPLX-mice, 
Whereas  doses  of  100  rad  and  higher 
reduced  the  mean  SPLX-virgin  marrow 
cellularity  values,  there  were  no  relative 
changes  noted  with  SPLX-pregnant 
mice. 


Bone  marrow  cellularity.  Splenectomy 
caused  a  55%  increase  in  the  virgin  fem¬ 
oral  marrow  cellularity  and  a  20%  in¬ 
crease  in  the  day- 14.5  pregnant  marrow 


Marrow  erythroitl progenitor  cells,  The 
mean  values  of  two  populations  of 
marrow  CFUK  in  SPLX-virgin  and 
SPLX-pregnant  mice  are  compared  with 


TAUt.F.  2 

Cinnfmmm  it/  iitnrri m-  i elhiliirliv  itiui  hmnpnltilf  prniitHtinr  cell*  pvr  ftmut  in  i/di-MYlm 

ml:rd  (SPLXhvtrptn -jm.i It , « mil  spItHtrumlictl’iiay.NJ  pttpmint.fmalt  CSTBLKU  mitt* 


Virgin 

SPLX-virgin 

SPLX-pregnatu 

Femur  eetlutariiy  ( s  10') 

1.55  -  0.17 

2.4  *  0.3* 

I.S  •  o.l 

t*FU«.  mt  Up  tx  ion 

0.06  ?  0.05 

0.1  -  0.1 

0.9  -  0.5* 

l‘UU«.  0.25  U  Upfml  t  x  10*) 

ti.K  t  l.h 

9.2  2.7 

13.0  t  3.S* 

m  u*.  3.0 U  Upfiul  tv I0>) 

1.5  *  0.3 

2.2  0.1* 

1.5  *  0.5 

GM-CI  l' 010*1 

2.9  -  0.5 

2.H  -  I.S 

2.6  -  l  .l 

Hrythmhl  progenitor  cells  were  assayed  in  miciuplasma  elm  cultures  with  0.25  U  Upml  fur  day-2  CPU*  and 
3.0  units  Hpfrnl  fur  day-4  lU-t). .  lYegnant  mouse  uteri  eturoei  was  used  as  cutuuy-rdimululing  factor  iu  duutde- 
layer  soft  agar  cultures  fur  GM-Ct-V. 

•  Values  expressed  as  meat'  *  SUM. 

*  Values  significantly  dilTcrem  (/’  <  0.05)  from  normal-virgin  female  rukc. 
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Figure  5.  C57BU6J  SPLX-virgin  (V)  ami 
SPI.X-r.lay- ! 4.5-pregnant  (P)  mean  percent  val¬ 
ues  per  femur  of  hemopoietic  progenitor  cells  4 
days  after  TBl:  Ep-depemlent-CFU»: .  Ep-inde- 
pemlent-CFU,:.  BPU*.  and  GM-CFC. 

normal-virgin  mice  in  Table  2.  SPLX- 
pregnant  mice  Bp-independent  atul  Bp- 
dependent  CPU*  were  significantly 
greater  than  values  of  normal  mice 
(/*  <  0.05).  The  mean  values  of  both 
populations  of  CPU*  from  nonirradiatcd 
and  irradiated  SPLX-pregmmt  mice 
were  greater  than  the  values  from  non- 
imtdiated  and  irradiated  SPLX-virgin 
mice  (Pig  5).  The  effect  of  TUI  on  mar¬ 
row  crythropoiesis  is  demonstrated  in 
Pig  5  by  the  changes  in  the  percent 
CPUf/femur  of  both  SPLX-virgin  and 
SPLX-day-14.5  pregnant  mice  with 
each  exposure  dose.  Pour  days  alter 
each  l  lll  dose,  there  was  a  decrease  in 
SPLX-maternul  atul  SPLX-virgin  femur 
CPU,:.  The  mean  SPLX-virgin  CPU*/ 
femur  value  for  each  group  was  lower 
than  the  mean  SPLX-maternal  CPU,/ 
femur  value  at  the  same  dose.  Splenec¬ 
tomy  resulted  in  a  increase  in  virgin 
mice  total  marrow  BPU,  values.  The 


SPLX-day-14.5  maternal  values  were 
similar  to  those  of  normal  virgin  mice 
but  lower  than  the  SPLX-virgin  mice 
values  (Table  2).  The  day-14.5  irradiated 
SPLX-maternal  percent  BFUE/femur 
values  were  lower  than  the  irradiated- 
SPLX-virgin  values  (Fig  5). 

Marrow  granulocyte-macrophage  pro¬ 
genitor  cells.  There  was  no  difference 
between  the  total  marrow  GM-CFC  val¬ 
ues  of  normal-virgin,  SPLX-virgin,  and 
SPLX-maternal  mice  (Table  2).  There 
was  a  more  appreciable  decrease  in  the 
%  GM-CFC/femur  4  days  after  each 
dose  in  the  SPLX-maternal  groups  com¬ 
pared  to  the  SPLX-virgin  groups  (Fig 
5).  The  SPLX-maternal  mean  GM-CFC/ 
femur  values  were  lower  than  those  of 
the  SPLX-virgin  group  values. 

DISCUSSION 

Our  experiments  were  designed  to  eval¬ 
uate  the  compensatory  potential  of  the 
mouse  bone  marrow.  Stress  conditions 
such  as  splenectomy,  pregnancy,  and 
total-body  irradiation,  which  change  the 
physiological  steady-state  condition, 
appeared  to  initiate  competition  be¬ 
tween  granulopoiesis  and  erythropoie- 
sis  in  a  hemopoietic  microenvironment 
known  to  be  conduct,  e  to  granulopoie¬ 
sis. 

Our  data  for  the  virgin  mouse  are  in 
accordance  with  earlier  reports  showing 
that  if  the  spleen  were  removed  and  if 
the  mouse  were  subjected  to  different 
stimuli  (i.c.,  irradiation,  hypoxia,  etc.), 
there  would  Ire  a  diminished  in  vivo  re¬ 
sponsiveness  of  marrow  to  Bp  (9).  as 
well  as  an  increase  in  granulopoietic 
activity,  at  the  sacrifice  of  erythropoi- 
esis  (8).  In  our  hands,  surgical  removal 
of  the  spleen  produced  a  significant  in¬ 
crease  in  the  virgin-mouse  peripheral 
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blood  WBC  counts  and  in  both  marrow 
erythroid  progenitor  cells  (CFUK  & 
BFUk)  but  no  change  in  marrow  GM- 
CFC.  Four  days  after  TBI,  the  mean  % 
GM-CFC/femur  values  were  higher  in 
the  SPLX-virgin  groups  compared  to  the 
SPLX-pregnant  mice.  As  expected  from 
our  previous  studies  (1),  there  was  a 
much  greater  reduction  in  both  CFUK  and 
BFUk  values  of  SPLX-virgin  mice  with 
each  dose  of  radiation  exposure,  com¬ 
pared  with  the  granulocytic  progenitor 
cell  values.  Values  for  the  SPLX-preg- 
nant  mouse  peripheral  blood  hemogram 
and  bone  marrow  hemopoietic  progen¬ 
itor  cells  reflected  the  anemia  and  a 
medullary  shift  from  granulopoiesis  to 
enhanced  erythropoiesis.  with  the  ap¬ 
pearance  of  a  subpopulation  of  Ep-in- 
dependent-CFUK.  These  studies  sug¬ 
gested  that  the  maternal  bone  marrow 
can  support  erythropoiesis  stimulated 
by  pregnancy-induced  anemia  in  the  ab¬ 
sence  of  the  spleen. 

Studies  from  our  laboratory  (l) 
showed  that  low-dose  TBI  to  the  day- 

10.5  intact  pregnant  mouse  caused  a  fur¬ 
ther  suppression  in  recovery  of  the  day- 

14.5  medullary  erythropoiesis.  with  a 
concomitant  and  significant  increase  in 
maternal  spleen  erythropoietic  activity. 
Potential  of  the  SPLX-maternal  marrow 
to  respond  to  the  stress  of  low-dose 
gamma  radiation  was  demonstrated  in 
the  present  studies,  with  effective  com¬ 
pensatory  erythropoiesis. 

Appearance  of  an  lip-independent 
population  of  CFUk  in  the  SPLX-day- 

14.5  maternal  marrow  was  not  expect¬ 
ed.  especially  since  these  cells  were  not 
observed  in  our  previous  studies  with 
imulintcd-pregnnnt  mice  i  l>  or  in  stud¬ 
ies  done  by  Rich  and  Kuhnnck  (7.14). 
Furthermore,  maternal  splenic  erylh- 
ropoicsis,  which  resulted  in  a  40-fold 


increase  in  CFU,.;  numbers,  did  not  ex¬ 
hibit  a  change  in  Ep  sensitivity  at  any 
time  durvg  the  stimulated  period  of 
pregnancy.  During  ontogenesis,  day- 
14. 5-fetal  live'-  CFUk  are  not  only  more 
sensitive  to  Ep  than  adult  bone  marrow 
CFUK  but  also  consist  of  a  subpopula¬ 
tion  of  Ep-independent-CFUK  (7,15). 
Unlike  the  fetal  liver,  the  SPLX-mater- 
nal-marrow  Ep-independent-CFUK  were 
radiosensitive  to  gamma  radiation. 
Commencing  with  50  rad,  there  was  a 
reduction  in  the  mean  percent  Ep-in- 
dependent-CFUK/femur,  and  with  each 
higher  dose  there  was  a  further  decrease 
in  each  respective  value.  Although  ve¬ 
locity  sedimentation  studies  by  Rich  and 
Kubanek  ( 14)  clearly  documented  a  ho¬ 
mogeneous  CFUk  population  from  adult 
bone  marrow  or  whole  fetal  liver,  with 
respect  to  their  Ep  sensitivity,  we  ob¬ 
served  two  populations  of  CFUk  in  the 
marrow  of  nonirradiated-  and  irradi- 
atcd-SPl  .X-prcgnant  mice. 

There  is  an  obvious  difference  be¬ 
tween  the  SPLX-pregnant  marrow  and 
the  normal-pregnant  marrow.  Still  un¬ 
clear  is  the  underlying  mechanism  that 
caused  the  change  in  marrow  microen¬ 
vironment  from  a  site  predominantly 
granulopoietic  in  the  virgin  mouse  and 
pregnant  mouse  to  a  site  of  increased 
erythropoietic  activity  in  the  SPLX-ma¬ 
ternal  mouse.  Perhaps  removal  of  the 
spleen  causes  a  change  in  the  regulatory  * 
mechanism  for  erythropoiesis  (i.e.,  ab¬ 
sence  of  an  inhibitor  factor  produced  by 
the  spleen).  Inasmuch  as  the  mouse  is 
unique  with  a  hemopoictically  active 
spleen  during  adult  life,  studies  are  pres¬ 
ently  being  conducted  in  our  laboratory 
with  a  dog  model  to  understand  further 
the  regulatory  mechanisms  operative  in 
the  normal  and  the  perturbed  physio¬ 
logic  steady-state  condition. 
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